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PREFACE

The planning and management of urban watcr resources are increasningly
constrained by primarily four major forces. FPirst, there are environmental
constraints in the procurement of additional supply. Sccond, o tew ot ot

problems have been created with the passage of recent aws and reqgulation: .

Institutional and legal problems of interbasin transfers have proltiforaread,
and public conc rn for environmental quality has resulted in the new leasi-
slation, such as the Federal Water Pollution Control Act Amcendme:nt. (1970,
the Safe Drinking Water Act of 1974, and the Clcan Water Act ot 1977. ‘Third,
the costs of water resource development have been rising rapidly, cxacerbated

by an increase in energy costs and the costs of money. Fourth, the demand
for urban water continues to rise, especially in those urban areas experien-
cing rapid growth as the southwestérn United States.

One consequence of these trends has been the need to develop new tech-

nigues of planning and methods of evaluation, such as the formulation and

recent revision of the Principles and Standards for Planning Water and Related

Land Resources by the U.S. Water Resources Council and the Planning Process:

Multiobjective Planning Framework by the U.S. Corps of Engineers. More re-

cently and specifically has been the development of a methodology to evaluate
the role of conservation in municipal and industrial water supply planning
which has served to broaden the focus from supply~side measures to include the
potential opportunities of demand reduction.

The potential savings from precision in estimating future urban water
use are obvious. And, because of the need to measure the effectiveness of
potential water conservation measures in order to evaluate the role of con-
servation in the development of an urban water supply plan, new and more

responsible approaches of disaggregated demand forecasts are mandatory.

. A
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The purpose of this volume is to provide fiela planners with the current-

ly available and relevant literature on forecasting demand of municipal and
irdustrial water. This volume consists of a detailed abstract of 83 journal
articles. books, theses, dissertations, or rescarch reports: only those
sources considered meritorious und uscful have been sclected.

We wish to acknowledge the suggestions and guidance by the members of

the OCE Water Conservation Task Force in the prej:aration of this volume.
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1. Anderson, William B. "An Economic Approach to Water Supply Planning in
Southeastern Virginia." Ph.D. dissertation, Virginia Polytechnic

Institute and State University, 1978.

The author has performed cost-benefit analyses for the provision of
various levels of water supply for 4 Virginia cities. The analyses utilize
water-use projections developed by the United States Army Corps of Engineers
through the year 2030 and estimates of water-use demand elasticities obtained

from the literature.

2. Andrews, R. A., and M. R. Hammond. Characteristics of Household Water

Consumption in Three lew Hampshire Communities. Durham: Water

Resources Research Center, University of New Hampshire, December

1970.

This report presents the results of a residential water-use study based
on billing records and interviews of 361 households in Durham, Epping, and

| Portsmouth, N.H. Average daily per capita water use was found to be 42, 52,

i
and 59 gpcd for these cities, with standard deviations of 22, 26, and 22 gpcd F
respectively. {
]
3. AWWA Committee on Water Use. "Trends in Water Use." Journal of the American

Water Works Association 65,no. 5 (May 1973) :285-99.

This article reports and discusses the results of a survey of water-use
data for 94 individual utilities across the United States during the period
1960-70. The purpose of this analysis was to assess current trends in customer
(household, business establishment, industry, etc.) water consumption in order

to assist in the projection of future water requirements.




The total customer water-use data for each utility were disaggregated

by three customer categories, i.e. residential, commercial, and industrial

or larger nonindustrial customers. In the next step the data were spatially

reaggregated into eastern and southern, central, and western regions of the
United States.

Total overall average water use (expressed in gallons per customer per
day) for all areas was found to be increased over the period of investigation

for all customer categories.

4. AWWA Committee on Water Use. "Review of the Johns Hopkins University Research

Project Method for Estimating Residential Water Use." Journal of the

American Water Works Association 65, no. 5 (May 1973):300-301.

This article reviews the 1966 John Hopkins University residential water-
use research report for possible practical application in estimating average
and peak residential water use in individual communities.

The committee's conclusion is that the applicability of this method for
estimating total future residential water requirements of a particular city may ‘
be subject to question for a number of reasons mostly related to nonavailability

of all required data. It recommends further research on its application.

v

5. AWWA Task Group. "Study of Domestic Water Use." Journal of the American Water

Works Association 50, no. 11, (November 1958):1408-18.

This paper presents the results of the study of the AWWA Task Group on

the effect of climate and family income on residential water use for the period

of 1936-56, based on the data for 113 water systems in the United States.




The authors were primarily concerned witn daily variations in peak demands,

since these parameters are of basic importance in designing water-supisly syotoems.

Ratchelor, R. A. "Houschold Technology and the Domestic Demand for Water."

Land Economics 51, no. 3 (August 197%5) :208-23.

In this paper an analvtical model of houschold water demand is develoved
which takes account of the accumulation of water using durable coods.

The author proposes a demand function of the form: Xy = u(ﬂi,Ni,ri,Li) +
. 53 T aijAfj(wiNi’Pi'bi)' where x; = total water use in household l {annual) ;

Jiyi€y

Wi = wealth of household 1i; N; = number of occupants; Pi = price of
water; aj4 = binary variables indicating the presence of absence of the appliance
used in each activity vy €yT, where yT represents the set of activities v
liable to appliance innovation; bi = vector of binary variables indicatincg the
presence or absence of certain static technological features (such as existence
cof inside baths or toilets, etc.). The g angd Afj stand for functions relating
total and incremental water demands to the above listed variables; Afj relates to
the activities due to the presence of “"dynamic" technological features. Both
functions are assumed linear and stochastic.

The parameters of the model are estimated based on a random sample of
1,388 households in Malvern, United Kingdom. Of the total number, 598 households
provided appropriate data which, among others, included total water consumption ¢
in 1968, net annual property value (proxy for real income), the number of
occupants, and the number and type of 5 water-usiny appliances (washing machines,

cars, dishwashers, showers, and garden sprinklers). The estimates of domestic

water consumption by those appliances, and estimates of basic demand for all

other purposes, are compared with those obtained in other studies.
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The effect of the accumulation of these consumery durables o the Joew]
of water usce over rime 1s also discannsd, however, withoat cempirical time-
series analyvsis.  Notoeworthy is the divoassion of statistical experimental
design for warer demand models.  Althouah the jurity of rthe proposed approach
has much intellectual merit, (ts practical asefulness in demand forecasting
seems low.,  This is mainly due to tie absence of many important variaebles in

demand function.

Baumann, D. D., D. Dworkin, S. Sebastian, B. Andrews, and D. Holtz. glgnniqi

Alternatives for Municipal Water Systems. Indianapolis, Ind.: Holcorb

Research Institute, Butler University, 1976. 61 pp.

This book presents a valuable summary of current and future planninc
alternatives for municipal water systems. It discusses the most critical
asracts of forecasting water demand and water supply, including the economic

and social aspects of balancing supply and demand.

Berry, Dale W., and Gilbert W. Bonem. "Predicting the Municipal Demand for

Water." Water Resources Research 10, no. © (December 1974):1239-42.

This article presents the results of regression analysis relating per
daily water use to per capita income. The analysis is based on a mixture of
cross-sectional and time-series aggregated data (7 New Mexico cities and
23 separate years) and has vielded the regression egquation g = 25.1 + 0.059v

with RZ = 0.766, where q 1is the municipal water use (gpcd) and y is the

annual per capita personal income in 1965 dollars.




In 12374

imilar

Cltres and and

townt,

Alove . The cocitficie

rallons an the ety

Tttt

were als=so found to e

nillings, R. Rruce, a

Ticre

A Casic of

(February 19sa)

The authors of

.x{.u!‘,' S Wty ey Py e 1 ' . f ' o -
e [ ! Pale oo it T f [P ]
U 0wt e Taate ty o _— . . ,
v bbbl Lioch) [P . : . .
At Wit ey e I v - Pt
Tnsdoand Floant .
nd Jonald oAt TPadoe Bl ot ot oy Wt
asine Bloek bates, " c, s ]
27 3A-84.
this raper use 2 yrice related variable o i arder co a
the blased estimates of price clasticity which result when aveorasne jris 1
citedinles. T variables are used toethor

ased for block rate =
measures of o tin
of the ceneral Yorm:

rmontinly water oo

income por hous

(inches).

= maraginal i Yao

woather variability to construct tin wabtor

Do, D, E LY W)

tion of the

average

(S month), and W

aAVAaYaue:

The devendent variaple

househeld (10 cubkie foet), winils
houschold (& 71ov cubis feot), Y = pers
= ecvapotransplration minus rainfall

Quantitative relationships of either linear or loa-lincar form were

estimated for monthly data from January 1974 to September 1977 obtained from

the Tu

cson

This 1s a valuablce analysis of resideontial

(Ariz.) Department of Water and Sewors.

watcer demand,

since

it takes

account of marginal prices and it also defines precisely all variables used

in the demand model.




JERIN

11.

12.

Robeo, Bo, T Roucher, and ., Denmard. "A Method for Fetimating Peak Wator

Demand for Maltatanily hevadences " wWatey Rosouroe s Balletin b,
oy G (At ey ST =3
The authors o il artl Sl Mave nwvestlaat et roedat ionons o da twee 1

peak o wator demand and Pallding soe (nambor cf apartront Sy, ane el avaliabie

WAN Y preasuYe o tar 17 apartmont opeesipode o 11t V4 OfF St o=t

The main pracei ol resalt of he vtiay e rhe bepegsder o of v 3 ak
demand on the Square root Gf Stoe (LUmbe ©oo! dpartment o anits) o ot cubae
TOOL OF water pressurc. Three =imr e reayes 21ons betw o oy Loyt o8
reak demand, for rerurn poricdr of T Povear, 1 omontn, e b oweon, i
number of arartment units in the b lidine are g ove cent o,
Bouue, Stuart H. "Trends o Watery Dol Tournal Sl Ao Lty

ociation 55, no. 5 {(May 130G3) :53x-34.
In this article the autheor makes sore geperal commente abooge o P

of municipal water, based on acncralized data from the Detroeit me oy

The tollowing factors that affect water use wore identif

1ol ] JATEEPL IS, SR A R

of community, (2) location, (3) water quality, (4) jress=ure, (°) cowors, (i) m

ing (7) age of community, (&) lawn sprinkling, () sost, abd {10) 3irF o ® 1o

The author has not attempted to analyze these factors in arcater detail.

Boland, John J. "The Micro Approach~-Computcrized Models for Municipal water
Requirements.” [n Treatise on Urban Water Systems, cdited by Albertson ot

al., pp. 295-316. TFort Collins: Colorado State imiversity, 1971.

This article is drawn from s lecturce given at the Institute on Urban

Water Systems at Colorado State University in June 1970, Tt consists of a

tor-
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qeneral discussion of water-use forecasting, followed by a detailed exposition
of the MAIN II forecasting system, as developed by Hittman Associates, Inc.
Since the MAIN IT system estimates water use from demographic and sociocconom o
data only, it can be used to backcast, where water use cstimateoed for o earlrer
period is compared to Known water use tor the same period.  Boland presents
the results of a number of backcasts, includinag 1 for kaltimore, %i,, ¢ for
Park Forest, I1l., 1 for Baton Rouge, La., and 1 for a housing development an
Anne Arundel County, Md. Errors ranged from 0.4% for Baltimore and ©.xs for
BRaton houge to as much as 16% for one attempt to backcast commercial wsie an
Park Forest. The use of the forecasting svstem is illustrated for tho new town
of Columbia, Md. Data requirements are discussed, and forecast results for

the year 2000 are presented. ‘

Boland, John J. "Forecasting the Demand for Urban Water"™ In Municipal Water

Systems: The Challenge for Urban Resource Management, edited by D. Holtz

and S. Sebastian, pp. 91-114. Bloominaton: Indiana University Press,

1978.

This paper, like the others in this volume, was first presented at
a conference held at French Lick, Ind., in October 1976. It contains a dis- ‘
cussion of various approaches to forecasting urban water use and describes
criteria for choosing an appropriate forecasting method. Major stress is given
to the observation that forecasting error of any kind is likely to lead to
excess costs, whether forecasts are too high or too low.

The second part of the paper summarizes some empirical obscrvations of

relationships between water use and certain explanatory variables, including

e — e ——

population, number of connections, weather, price, and income. An argument

is made for replacing population with number of connections (or of households)

and for disaggregating water use by customer class as well as by season.
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Detailed water-use data obtained for the Washington Suburban Sanitary
Commission service area are used to illustrate these points.,  Boland
reaches the followinag conclusions:

1. Water usce 1s better correlated with number of customer conncctions
than with resident popualation,

2. Signmiticant differences in the nature of water use exist among
the various categories of users.,

3. Individual water use within a class is subject to great variability.

4. All classes of water use can be highly scasonal in nature.

5. Economic variables, including water price and water-uscer income,

are important factors in explaining water use.

14. Boland, John J. "The Requirement (or Urban Water--A Disaggregate Analysis.”

In Annual Conference Proceedings, American Water Works Association,

24-29 June, pp. 51-66. San VFrancisco, Calif., 1979.

This paper describes the need for better understanding of the reguirement
for urban water. Improved explanation of water use is prerequisite to improved
water—-use forecasting methods. Forccasting applications are discussed, includinag
conventional long-range forecasts. Boland also describes the usc of short-range
forecasts (for financial planning, for example) and the application of fore-
casting techniques to the analysis of specific perturbations in future water
use (alternative futures).

Present knowledge of the structure of urban water use is summarized.
Improved approaches to estimating and forecasting water use are contrasted
to present practices, yielding recommendations on subjects ranging from basic
data collection to forecasting methods themscelves.  An extensive bibliography

is provided.




15. Boland, John J., Philip H. Carver, and Charles R. Flynn. "How Much Water

Supply Capacity Is Enough?” Journal of the American Water Works

Association 72, no. 7 ({July 1980):368-74.

This paper discusses the application of risk management techniques
to urban water-supply planning. It is argued that, rather than apply standard
rules of thumb to obtain supply requirements, water utility managers should
attempt to balance the economic,social, and environmental cost of providing
increased capacity against the risk and cost of water-use restrictions. In
particular, utilities may develop drought management plans which can be used
to replace the last, most expensive increments of supply capacity. The paper
describes a study performed by the authors for Ecological Analysts, Inc., as a
part of a larger investigation for the Washington Suburban Sanitary Commission.
In that study, probabilistic forecasts of water-supply deficits were developed
from water-use forecasts and statistical analysis of supply data. The water-~
use forecast methods are not discussed in detail in this article, although
several of the demand models are presented. The developrment of alternative
drought management plans is reviewed, and the use of those plans, together
with the deficit forecasts, to analyze supply augmentation requirements is

discussed in detail.

16. Boland, John J., and Charles W. Mallory. "Comments on 'Residential Water

Demand Forecasting' by Peter W. Whitford." Water Resources Research

9, no. 3 (June 1973):768-70.

This comment contains some clarification and expansion of Whitford's
review of the Main II forecasting model, developed by Hittman Associates,

Inc., as part of a research effort supported by the Office of Water Resources
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Research. The authors also present the procedure to be followed in using the
MAIN II system. This procedure permits the water-supply planner to perform
sensitivity analysis for a given set of assumptions (usced in generating a

forecast) through repetitive application of the MAIN 1T algorithm.

Boland, John J., Stcve H. Hanke, Richard L. Church, and Philip H. Carver.

Suburban Sanitary Commission. Baltimore, Md.: Rivus, Inc., 1975,

198 pp.

This report describes an analysis, using computer simulation of 3 alter-

R

native rate-making policies for the WSSC: a uniform charge, a uniform charge
with a summer surcharge, and an increasing-block rate system. The report also
discusses means available for compliance with ¥PA requlations affecting scwer
rate structures as they existed in 1975.

The computer simulation incorporated a disaggregate projection of water
use, separately considering 5 different user categories as well as sprinkling
use in each of 3 different population density zones. Projections were made a ‘
function of, among other things, the applicable water price faced by each
customer group. When block-type rate structures were considered, customers

were further disaggregated by use block. Existing operating and capital costs

faced by the WSSC were modeled and forecast. The computer simulation calculated
a rate structure at selected intervals, based on the estimated revenues and
costs projected by the mode. Results included forecasts of number of customers,
average day water use, maximum day water use, contribution to sewer flow, water
costs, sewer costs, total revenue, and rate levels. These forecasts were

available for each year of the forecast period, and for cach of the chosen

rate-making policies. Information was also available regarding the incidence
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of rate changes on customers at various percentile ranke in each catogory's
water-use distribution.

Rate-making policies were compared and evaluated on the basis of their
likely impact on future operations, the incidence of rate changes on various
customers, their relative ability to track changes in costs, implementation
characteristics, and conformance with LEPA requlations. Based on this analy:i
the consultants recommended that the uniform charge system then employed b
retained. The report also contains considerable statistical data on individi:!

water use within the WSSC service area.

Browne, David W., Gary Minton, and Clyde Barnhill. 'Forecasting Water Demand

in the Pacific Northwest." Journal of the American Water Works Associatich

72, no. 9 (Scptember 1980) :506-7.

This short article discusses possible reasons for the apparent leveling
off of per capita demand for municipal water. The cnalysis is based on the
aggregated water-use data of several cities in Oregon and Washington for the
period of 1970-80.

The authors observe that there actually 1s a general leveling or even
decrease in the average growth rate of per capita consumption. This trend
is explained as the result of (l)recent trend away from declining block
rate structures toward uniform watecr rates, (2) saturation of the market
for washing machines and dishwashers, while older machines are replaced with
more efficient models, (3) increase in the construction of multifamily residencoes,

and (4) increcased public awareness of the need to conserve water.

The authors do not discuss the statistical validity of their conclusions.

D s S o SN
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19. Burke, Thomas R. "A Municipal Water Demand Model for the Counterminous
. United States.” Water Rescarch Bulletin 6, no. 4 (July-August 1970):

661-81.

The purpose of this study was to develop an cconometric model for fore-

casting aggregate requirements for municipal water. The model is to provide

rapid determination of the future water requirements of 488 American cities
with populations 25,000 or over. The model incorporates 17 explanatory var-

iables reflecting environmental, demographic, economic, and other factors

o htaa

affecting water use. However, price of water is not included. ;
Separate regression functions have been estimated for 19 regions of the

United States, based on statistical analysis of cross-section data derived {

from 2 published sources: (1) The Public Health Service/FWPCA Inventory of

Municipal Water Facilities (1963), and (2) the United States Department of

Commerce's County and City Data Book (1963). i
This study does not make any forecasts of future water use. There is

suggestion made, however, that projections of explanatory variables into the

future could be made based on average rates of their growth derived from time-

series analysis.

20. Camp, R. C. "The Inelastic Demand for Residential Water; New Findings." !

Journal of the American Water Works Association 70, no. 8 (August i

1978) :453-58.

This article presents the results of a multiple regression analysis of

13 variables explaining residential water use. The sample consisted of 288

single family households randomly selected from 10 service areas in Mississippi.

Water use was derived from billing data. The price used was taken from the

rate schedule at the mean level of consumption for each city. Data for other

determinants of water use were obtained by interview or observation of the

household characteristics.
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The principal determinants of the level of domestic water use (at the
0.05 significance level) were as follows: (1} number of persons Ly houschold,
(2) number of clotches washers, (3) the education level of the houschold heead,
(4) the market value of the residence, (5) the price of watcer, (6) presencoe
of swimming pool, (7) rainfall, and (8) lawn areca. The estimated price
elasticity was =0.24 for the lincar-functional form and -92.31 for the mixed

linecar-logarithmic form.

Carver, Philip H. "Price as a Water Utility Management Tool Under Stochastic

Conditions."” Ph.D. dissertation, Johns Hopkins iniversity, 1978. 452 pp.

This dissertation examines a widce range of issucs associated with the
use of price as a management tool in urban water supply. The nature of
water utility cost is reviewed, as is the literature on marcinal cost and
peak load pricing. Data collected from 13 Washington (D.C.) area watcr
utilities are used to estimate short-run and long-run responses to pbrice
changes. The application of an innovative pricing policy (8 summer surcharge
plan) to the Fairfax County (Va.) Water Authority is analy—ed in detail,
leading to estimates of its ecffectiveness in changing both peak and average
water-use rates. Water-use forecasting techniques are developed and applied
to the Washington Suburban Sanitary Commission. These forecasts are combined
with a statistical analysis of river flow to give a probabilistic forecast
of water-supply deficit. The deficit forecast then forms the basis of a
financial simulation which reveals the consequences of alternative pricing
policies. Consumer surplus measures are used to choose among the various
policies according to economic cfficicncy; other criteria include cquity,
complexity, and revenue erosion. The disseration includes listings of computer

programs used and an extensive bibliography.
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Clark, Robert M. "Cost and Pricing Relationships in Water Supply. Journal

of the Environmental Engineering Division of ASCE 102, no. EE2

(April 1976):361-73.

The purpose of this study was to rclate the price of water to several
characteristics of the water-supply system, as well as to find the relationship
between price and per capita water consumption. The study area included 22
districts within a midwestern SMSA (not named). Data presented is from a
utility serving this area disaggregated by districts. Cost analysis is
based on total revenue producing water pumped by the utility during the
calendar year 1964-73.

Bascd on a stepwise regression analysis, the author concludes that
population density and the source of raw water were major price determinants.
Totél population served and total demand play secondary roles. The regression
of per capita water use on price yielded price elasticities in the range of

-0.6, varying slightly with functional form.

Clouser, Rodney L., and William L. Miller. "Hcuschold Water Usc: Technological

Shifts and Conservation Implications."™ Water Resources Bulletin

16, no. 3 (June 1980):453-58,

This study investigates the effect of water intensive appliances or activ-
ities on household water consumption. The analysis was applied to the results
of a questionnaire survey of 406 individual households in 2 Indiana communities
and their water utility companies (which provided total water bill and quantity

of water used by each household in 1977).
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The water demand model included such variables as price paid per
1,000 gallons of water used by the household, number of family members
residing in the household, number of bathrooms, the household income, and
presence of various water intensive appliances. The demand for water was
divided into 3 distinct seasonal periods, and appliances or water inten-
sive practices unique to the various periods were incorporated into the
estimation.

In the majority of cases the use of the washing machine, dishwasher,
swimming pool, and lawn watering incrcased per capita consumption and

were statistically significant.

RO

The authors also consider the installation of water-saving devices
as an alternative method of extending supplies in communities. They conclude
that the private economic benefits would be low if water charges were between ;
$1.20 and $3.00 per 1,000 gallons; however, aggregate benefits to the community
could be large if the cost of drilling new wells or increasing storage facilities

could be avoided.

Collins, Michael A., and Alan H. Plummer, Jr. "Industrial Application of |

Whitford's Demand Forecasting Procedure." Water Resources Research )

10, no. 2 (April 1974): 345-7. i

The authors of this article discuss application of Whitford's
methodology to forecasting basin-wide water demand for steam-electric
power generation industry in the Trinity River basin in Texas. Based on
4 different estimates of possible electrical energy production in the basin
and ad hoc evaluation of water use per unit of power production, the authors

have found base line water requirements. In the next step, cumulative proba-

bility curves were found through equal weighting of reasonably likely high, ’ ;T
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medium, and low effects of 3 factors. These were (1) the possible introduction

of nuclear-fucled, steam-electric power plants, (2) changes in power plant eff-

clencles, and (2) changes in the basin-wide fractional mix of cooling methods.
It 1s concluded that Whitford': approach is usec¢ful in large-scale,

long-range planning.

25. Danielson, Leon E. "An Analysis of Residential Demand for Water Using Micro
Time-Series Data." Water Resources Rescarch 15, no. 4 (Auqust 1979):
763-67. !

This study estimates the parameters of a residential water demand model

v

based on individually metered water consumption data. A sample of 261 house-

holds in Raleigh, North Carolina was observed cross-sectionally over 68 time

periods of approximately 30 days each. The period covered by the data was May
1969 through December 1974.

Separate water demand models were constructed for total residential,
sprinkling, and winter demands. These dependent variables were estimated
as a function of temperature, rainfall, house value, water price, and house-
hold ci~e. Water price in this study, which included 50% sewerage charge,
was interpreted as marginal charge, since nearly all households fe¢ll within
the first block rate. For total residential demand, price elasticity (in
logarithmic demand equation) was estimated to be -0.27. The cocfficients
for household size, which consistently explained the largest percentage of

variation, was ecstimated to be 0.740. The rewmaining variables had coeffi-

cients of -0.018 for rainfall, 0.316 for average temperature, and 0,334 for
house value.

For winter demand price clasticity was -0.305, cocfficients for house

value and housechold size were 0.342 and 0.689 respectively. Price clasticity
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for sprinkling demand was estimated to be -1 .38, while the cocfficients for

rainfall, average temperature, and house value were -0.206, 5.141 and

0.363 respectively.

Darr, P., S. L. Feldman, and C. S. Kamen. "Sociocconomic Factors Affecting

Domestic Water Demand in Israel." Water Resources Research 11,

no. 6 (December 1975) :805-9.

This paper presents an analysis of residential water-use data with
respect to such explanatory variables as income, number of persons per family,
cultural origin of customer, education and age of the hecad of the household,
and number of rooms per household. The analysis is based on a questionnaire
survey of 1,892 households in 4 urban areas of Israel. The survey provided
disaggregated data on many variables and water-use data {(in cubic meter per
capita per dwelling unit, annually) for the 1970-71 fiscal vear.

The authors have estimated the parameters of separate water demand
functions (log-linear) for metered or unmetered residences and for indoor
or outdoor uses. Income, or its surrogate, was found an important predictor

of residential water use.

Darr, P., S. L. Feldman, and C. S. Kamen, "A Reconsideration of the 'Requirement

Approach' to Residential Water-Use Forecasting." Water Resources Research

11, no. 6 (December 1975):1019-20.

This short article reports an in-depth study of residential water use in the

desert town of Eliat, Israel. The analysis of residential water use per capita

was conducted with respect to income per capita, number of persons per dwelling
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unit, country of origin, and age and cducation of the respondent.  The analyoi:

was based on the interview of 104 houscholds in July 1973, The resulte of e
regression showed that none of the above variables oxplalned variations in
water consumption. In further analysis only technical water-using speci1fications

were found to be correlates.
The authors'conclusion is that "the tool more avt to be of aid 1n fore-
casting water use in such an extremc environment is the requirement avvroacia”

based on noneconomic enginecring parameters.

De Rooy, Jacob. "Price Responsiveness of the Industrial Demand for Water."

Water Resources Research 10, no. 3 (June 1974):403-6.

This article presents an analysis of water use of 30 large chemical
manufacturing plants in northern New Jersey. The author reports the price
elasticities of water used for cooling, wvrocessing, and steam generation of
-0.894, -0.745, and -0.741 respectively. However, the reliability of these
numbers is disputable due to the fact that average price and mixed cross-

sectional and time-series data were used in the calculations.

Domokos, J., J. Weber, and L. Duckstein. "Problems in Forecasting Water

Requirements." Water Resources Bulletin 12, no. 2 (April 1976):263-75.

o e ey —

This paper examines the methodological problems associated with fore-

casting water requirements by use of regression analysis. Both linear

and nonlinear simple time-series extrapolations are discussed with respect

to long-range forecasting.




The authors ceonclude thaet problem ardborney b Yorecasit T banaerd o

multiple regression models are likely to nuvoive crrally dependent vrror,
muitilinear explanatory variables, and diffioal der ante rent in the proescn

of explanatrory variables that must themscelves e predictod.

30, reological Analysts, Inc., Water Supply Studv for lont

cry and Priv

Seorge '

£
-
—

Counties, Maryland. Towson, MD., 1977. 3G

This study, undertaken for the Washingron Suburban Saritary Commiscic
(WSSC) , assessed the adequacy of the existing supuly system, detormined i
requirement for future supply augmentation, and analvzed the trade-off
between supply augmentation and demand reduction with a view to determiniig
more satisfactory supply planning criteria. The latter cifort is of particioan
interest not only because of the innovative methods used but berause of the
broad implications of the resultant recommendations.

A water-usc forecasting model was developed for use in the study, bas: 3
on statistical analysis of water-use data collected for the WSSC service
area and for the service arca of a neichboring utility, the Fairfax County
Water Authority. Multivariare cconomic demand models were developed for .
single-family residential and apartment residential use, separating scasonal
and nonscasonal use. Because the available data observations coversd a perioed
little or no change in the price of water, the price coefficient could not be

[
estimated. Price was omitted from the models, therefore, and foreocasts wore ?
y

conditioned by the assumption of constant rceal price. Income ¢lasticities

of 0.3 and 0.8 were obtained for nonscasonal use by single-family homes ang

apartments respectively.  The income clasticity for seasonal use by singlo-

family homoes was found to be 0.7. Sinagle cocfficient regquivements models
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MANGGOeTe Nt Soetar to ctves the s by capacity auanentation which will be resuilred
it deficite are to be aveided without cwxceedine the allowed freguency of imple-
mentation of the drousht managoement measures. Tt was found that the conventional
supn.ly planning oritoeric rreviousiy emeloved would have reauirsd raw wateor
storace of 3.4 biltlion aallons by the vear 2005; a4 droudht manaaement scenario
considered accoptable by political of Siccholders wonld roruire “toraac of only
1.32 billion gallons by the same date.  In tne latter cacce, no Jdroucht management
measure, oven appeals for voluntary reductions, wonld be amplemented more often
than once in 12 years. By increasina the permissible freency to once in 5

years the storage requirement ie further reduced to 0.74 billion gallons.

Foster, Henry S., Jr., and Bruce R. Beattic. "Urban Residential bemand for
Wwater in the United States."™ Land_ﬁcgﬂqmjcﬁ 55, no. ! (February 1979):
43-58,

The purpose of this study was to specify and estimate parametoers for a

single eqguation cconomic model for urban residential water demand. Price,




incore , raintall, cod numbor of recadents per owater o meter were sy

as o oxtlanatory varitables. The model adopted for this ctady oo lud 1o
1 exponential torm and all other viariablen in power form,  Throo vari:t ion:
of this model were developed by incorporating dummy variable s This wan o
for statistical tests of realenal and size-cf=city difforcnecs, Thee roasiorgd
breakdown emploved in tinis study divides the United Statesn invto o porgion. i
terms of drouait yotential, adricultural production watterns, manufa o tuari
and monthly precinitation.

Data on water quality, price, and number of residents ey moter for o1

cities come from A Survey of Opcrating Data for Water Utilitics in 1960 by the

American Water Works Association, Tncome data wore taken from tue 1960

Census of Population; rainfall and average temperature, Climatological Data

for the United States, 1960-61.
The resulting estimated equation for the agarcuate model was
0 = .24920-.1278Py.4619R-.1679N.4345
where Q = quantity of water demanded by houschold, 1.e., per meter
(1,000 cubic feet per year); P = average water price (dollars per 1,000
cubic fect); Y = median household income (dollars per year); R = precivitation
(inches) during the defined growing season; and N = average number of residents
per meter. This model is intended to permit any city to forecast residential
water use, given its values of explanatory variables.
Tests performed with the disagyregatce models showed that ity sive has
an insignificant effect on per household residential water wse, wherea o reagional
differences have been found more significant. The demand curves were estimated

for each region using regional mean values of income, proecipitation, anad

number of residents per meter.
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Praka, Robert 1o, Yorecasting the Need for Surface Wator Voe Conjunbict lve

with Sround Water., Mississippt State:  Water Kesouaroes Researcl

Institute, Mississippl State Universaty, September 1979, 91 1.,

The objective of this study was to provide a planning nodel for integrating
surface and ground water supplics in the major municipalities of Mississippi.
In order to perform such analyses, the author had to prepare forecasts for mun-
1cipal water demands in Missicsippl for over 40 areas for the vears 19s0, 1990,
and 2000,

Aggregated watery requirement models used by the author were log-lincar
equations derived from other studies which used average annual water usc (mad)
and per capita use as dependent variables and population, industrialization
index, per capita income, mean temperature, and average rainfall as independent
variables, which had to be determined for the futurce years. The parameters of
these equations were eostimated based an 82 observations of cross-sectional data
in all counties in Mississippi. The author found that based on the available
data the intercorrelations between population and per capita income and between
mean temperature and rainfall were fairly high. Income and temperature were
excluded as redundant factors, thercfore., In equations expressing per capita

water use the mean temperature was also excluded.

frye, Richard, and James W. McFarland. "A Municipal Water Supply TInvestment
L]

Problem in Rhode Island.” Water Resources Bulletin 16, no. 1 {¥Fcebruary

1980) :31-5.

This article discusses deficiencies of presently available water demand
models, which are price-sensitive, in a decision-making framework dealing with
future water-supply investment. Based on the comparison of the benefit-max-

imization cconomic model with a "requirement" approach, the authors conclude

that the former is as arbitrary as the later.
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Gallagher, David R., and Raymond W. Robinson. IHElESQESMEE_ﬁSEEflEEJ Pricing

Policics and Incentives on Water-Use Efficiency.  Australian Water

Resources Council Technical Paper, no. 0. Canberra, A.C.T., Australia;

Australian Government Publishing Service, 1977. 137 pp.

The authors hypothesize that pricing is an effective tool in managing
urban water supplies. Their investigation covers all aspects of this hypothesis,
including description of recent trends in water use, a review of the urban water
demand literature, several empirical studies, and analyses of watcr-supply costs
and of pricing policies in Australia.

Water-use trends are presented for major Australian cities for 10~to-

15 year period ending in the mid-1970s. These trends are normalized for pop-
ulation, households or other measures and transformed in various ways to
illustrate the difficulty of projecting future water use from trend analysis
alone. The economic theory of demand is reviewed in some detail, with appli-
cation to the urban water sector. The water demand literature is reviewed:
many of the empirical findings presented in the literature are reproduced here.
Urban water use in Australia is analyzed against this theoretical and empivical
background, including some attention to the economic characteristics of the
"allotment and excess use” rate structures common in Australia.

Two empirical studies are reported. The first took place in Nowra, New
South Wales, a coastal town of 16,000 population. Twenty households choscn
at random were interviewed regarding socioeconomic and water use characteristics.
Five of these households were segregated as a control group whilc the remaining
respondents participated in a pricing experiment. The results were used
to estimate a demand function for household water use in winter. The function
explained 65% of the observed variance in water use and included an cstimate

of price elasticity equal to 0.283.

ek
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The second empirical test took place in summer in Wollongong, New South
Wales, a coastal city of 200,000 population. An initial samnle of 1Y households
was drawn and a procedurec similar to that employed at Nowra was used. Separatc
per capita demand functions were estimated for in-house watcr use and for
outside (garden) use. The former explained 29% of observed variance and
revealed a price elasticity of -0.288, very close to the winter elasticity
in Nowra. The outside per capita demand function explained 45% of observed
variance but failed to include price as a significant variable.

The remaining sections of the report analyze metering and pricing
policies from a welfare economics point of view, arguing for the introduction
of marginal cost pricing on the basis of economic efficiency. The character-
istics of water-supply costs in Australian cities are also described and
compared to those reported in studies of United States water utilities. An

extensive bibliography is included.

Gallagher, David R., John J. Boland, Barcy J. LePlastrier, and David T. Howell.

Methods for Forecasting Urban Water Demands. Australian Water Resources

Council Technical Paper. Canberra, A.C.T., Australia: Australian

Government Publishing Service, 1980. 93 pp.

This report addresses the methods used to forecast water use in the
urban areas of Australia. The world literature on factors affecting urban
water use is surveyed, and those findings most likely to apply to Australia
are summarized. A field survey of the forecasting techniques actually used
by the major water utilities of Austral‘a is reported, and the techniques
described are contrasted to methods in use elsewhere. It is concluded that
improvements in forecasting techniques are warrarted and can be readily made.

An approach to forecasting is developed, based on disaggregate demand models.
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This approach is made flexible by incorporating a range of techniques which
can be selected according to data availability. 1In this way, practice can

be steadily improved as better data become available in the future. The
derivation of demand models is illustrated using data collected for selected
residential areas in New South Wales. Tt is recommended that water utilities
begin collecting data which would support the development of disaaoregate

demand models in the future.

Gottlieb, M. '"Urban Domestic Demand for Water: A Kansas Case Study."

Land Economics 39, no. 2 (May 1963):204-10.

This paper presents the economic analysis of municipal water demand based
on aggregated water works data. The authors purpose was to isolate the
effect of price and income on water consumption in small Kansas towns during
the 1950s. The analysis was based on area-wide averages, total consumption
divided by either population or the number of customers, and community-wide
average household income. The price of water was derived by dividing total
water revenue by the total amount of water used.

The author used an estimating function of the form: 1log y = log a +
log xb + log zc, where y = consumption in 1,000 gallons annually; x = average
household income, dollars; and z = price in cents per 1,000 gallons. The
results of multiple regressions of rate and income levels, from cross-sectional
data, on per customer water consumption show price elasticities of -0.68 and
-1.23 and income elasticities of 0.45 and 0.58 for years 1952 and 1957 respec-
tively.

Two measures of consumption were also correlated, i.e., per capita versus

per customer consumption. For 24 cities in 1957 and 20 cities in 1952 the

author has obtained the estimating equations: Y. = 8.21211 + .25165X;
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(R = .9115), and Y.+ -1.05%6 + _3165X; (R - .9663) respectively. Where

Y. is a per capita consumption and X 15 consumption per connection.

Grima, Angelo P. Residential Water Demand: Alternative Choices for Management.

Toronto University of Toronto Press, 1972. 211 pp.

This book presents an extensive study, from both theoretical and
empirical standpoints, of residential water demand in the Toronto metropolitan
area. The water consumption data used in this study are based on 91 individual
observations from metered single unit households for 1967. These water-use
data were averaged over a year, the summer period 2nd the winter period, thus
producing average water use in gallons per day in a dwelling unit over each
period.

These 3 dependent variables were estimated using log-linear equations
with 4 independent variables: (1) the assessed value of the residence (a
proxy for income), (2) the number of persons per dwelling unit, (3) marginal
charge 1in cents per 1,000 gallons to the consumer beyond the quantity allowed
with the minimum bill, and (4) the fixed bill for 1 billing period.

The clasticities of demand with respet to the price were found to be
-0.93, -1.07, and -0.75, with income elasticities of 0.56, and 0.48 for average

annual, summe:, and winter water use respectively.

Hansen, R. D., H. H. Fullerton, A. B. Bishop, and T. C. Hughes. Historical

and Projected Municipal and Indnstrial Water Usage in Utah 196072020,

Logan: Utah Water Rescarch Laboratory, Utah State University, Pebruary

1979. 59 pp.

This report presents the results of a municipal and industrial water-use

inventory for 50 Utah municipalitics and for cach of Utah's -9 counties.
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Municipal and industrial water-use data from 196U to 1976 are presented at foor
levels of disaggregation, i.e., statewide, multicounty district, county, and
major city. The data are analyzed to produce annual per capita withdrawal
rates for municipalities and major industrics.

In discussing future water needs, the authors suggest 202 gpcd as an

appropriate water-use rate for statewide planning, and 100 gpcd for municipal

indoor water use.
The publication cites some simple demand or requirements models obtained
in other studies; however, the authors do not say explicitly how these models

should be used to calculate future water use.

Headley, T. Charles. "The Relation of Family Income and Use of Water for
Residential and Commercial Purposes in the San Francisco-0Oakland

Metropolitan Area." Land Economics 39, no. 4 (November 1963):441-409.

The author has analyzed the impact of income levels on water consumption
by regression analysis using both cross-sectional and time-series data obtained

from utility records and Census of Population, 1950 and 1959. The regressions

were performed for 14 cities of varying population (from 3,000 to 775,000)
assuming that piice, temperature, precipitation, and other socioeconomic var-
iables are constant. Separate consideration is given to commercial and

residential use categories, although criteria for disaggregation are not

specified.
Cross-sectional estimates of residential water-usc elasticity with

respect to median family income, using a linear demand c¢quation, were 1.49

in 1950 and 1.24 in 1959. 1In log-linear forms the income clasticities were
1.63 and 1.37 respectively. Time-series analysic yvivlded an average elasticity

for the 14 cities of 0.25. Average clasticity of combincd residential-




40.

41.

28 !
i
!

commercial per capita use was 1,09 according to the 1950 cross-scctional 1
regression. 1

Although this study uses asimplificed modeling techniques as compared
to most recent rescarch, it decs give an interesting consideration of

coconomic issues 1n municipal water supply.

Herrington, Paul. "The BEconomics of Water Supply and Demand," Economics 9

12, Part 2 (Summer 1976) :67-14.

This article provides an excellent discussion of the theorctical, \
empirical, and policy aspects of the cconomics at public water supply, mostly
related to the United Kingdom. The author considers, in turn, demand analysis
and forecasting, investment decisions and pricing questions, meanwhile intell-~ i
igently summarizing the current state of cconomics of water supply and demand.
It is concluded that Britain's growing water problems can only be solved
satisfactorily by application of well-tried economic principles.

This paper probably constitutes one of the best economic trecatments

of water supply problems and other related issues. ‘

Hittman Associates, Inc. Porecasting Municipal Water Requirements. Vol. 1, ﬂ

The MAIN IT System. Columbia, Md., 1969. PB 190275. 208 pp.

>4

This report describes the development of improved methods for forecasting

municipal water requirements which led to the claboration of one of the more

successful computer based forecasting models presently available--the MAIN T1
system. The authors have determined and analyzed the economic and demographic
variables of municipal water use (including their future growth based on the

data from 50 metropolitan arcas throughout the United States.
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The model calculates the values of residential, industrial, commercial,
and other water uses for a selected future year. 1t incorporates several
categories of residential water use (metered/unmetered, sewered/septic tanks,
houses/apartments), and for each category water use is calculated by a
regression equation that uses cconomic (home value, price of water), weather,

and demographic factors (mostly Census Bureau data) as independent variables.

Projections arc made of these factors rather than the resultant water use. ]
The forecasting system is able to perform detailed estimates for up to 200 1
water-use categories. ]

The report also contains 3 case studies (Baltimore, Md; Baton Rouge, Lla.,

and Columbia, Md.) in which forecasts of water use were prepared using MAIN IT

system.

Hittman Associates, Inc. Price, Demand, Costs, and Revenue in Urban Water

Utilities. Columbia, Md., 1970. 106 pp.

This publication constitutes an excellent study of the municipal water
industry based on data collected directly from 46 urban water utilities.
The primary purpose of this study, sponsored by the United States Department
of the Interior, Office of Water Resources Research, was to develop improved
rate-making policies for local utilities that would take account of effects
of these policies, including relationships between price, demand, cost, and
revenue. The findings of other investigations were reviewed and analyzed,
particularly estimates of the price elasticity of municipal water demands.

The authors developed a general economic model of urban water utilities

based on the functional expressions for mean, maximum day, and peak hour demand;

operating cost; and various classes of revenue which were derived from the

data base. The economic model was tested using 2 case studies of Detroit
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and Roseville, Mich., to illustrate the effects of a postulated rate

increase on water demand, cost, oand revenue. The distribution of desmand,
cost, and revenue amonag various olasses of water uscers under alternate
priving stratecies was also investigated.

The following water demand functions are reported:

1Y Average manicipal demand

; : $223 ~1. 1389 ) . )
> S ) ; - ), 38 :

er 0.0042 Nd ('”5()7)11) (371 R Lbsh, T, 34
whore

o - average municipal retaill demand  (mad)

oy :

Nj = dwell inoe units in retail service arcea {(mumber)

Dy = median numbor porsons pey occupled unit  (number) .

2} Maximum day municipal demand

1.012 N
mef 1.550 (0.04) R¥ = 0.947, n = 38
whore
Qmx = Mmaximum day municipal demand (mad)
Om = average municinal demand (mgd) .

3}  Peak hour municipal demand

) 1.039 o
Qmp = 127 Opg (0.2g)7 R7 = 0981, w28
where
Qmp = pecak hour municipal demand {(mgd).

Separate functions for residential and commercial/institutional user

categories were developed to express unit water uses (per connection) in

terms of such variables as residential marginal price, moisture deficit,

and total retail population.
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43. Houthakker, H. S., and Lester D. Taylor. Consumer Demand in the United States,

1929-1970: Analyses and Projections. Cambridge, Mass: Harvard University

Press, 1966. 214 pp. a

The authors of this book have performed an econometric analysis of
consumer demand for 83 different commodities based on historical records for
the period of 1929-62. For each commodity (including water) demand functions
(expressed as expenditure) are evaluated and several sets of projections for
personal consumption expenditures in the year 1970 are estimated.

The following dynamic model based on 3-pass least squares method
was found to determine per capita personal consumption expenditure of water
in year t (qt) in 1954 dollars (with intercept equal to 2.8775):

g¢ = 1.0240 + .5427qy_; + .0024ax, + .009x,_; + .1771lz

(.5261) (.2275) (.0009) (.0005) (.2694)
where
d,_y = per capita personal consumption expenditure in year (t-1)
Xy = total per capita personal consumption expenditure in year t
AXy = Xp=Xe_) y

zy = 3-pass variable (-1.31 for 1962 and -1.24 as historical mean).

The linear version of the static model includes the percentages of the
population living in the South and West and the own-price elasticity, as these
variables were found to be significant. Total expenditure was found to be

insignificant. This model is given below:

g = -26.263 - .6821 1ln py + 6.2061 ln (% pop. in South):
(11.280) (.4939) (3.0010) g
+5.1595 (% pop. in West), - .8965 d;

(.6724) (.3429)




Py = relative price of water in year t (1954 = 100)

Q.
[}

dummy variable used to separate the pre-World War II1 years from
those following; takes the value 0 for 1929-41 and 1 for

1946-61.

The authors also give economic background for econometric analysis

and discuss the problems of estimation and projection.

44. Howe, Charles, W. "Municipal Water Demands." In W. R. D. Sewell, B. T. Bower,

et al., Forecasting the Demands for Water, Ottawa, Canada: Policy and

Planning Branch, Department of Energy, Mines and Resources, 1968. 43-79.

The author of this article proposes an approach for forecasting water
demand which is based on the premise that, given economic and technological
forecasts, water demand forecasts must be made in conjunction with an analysis
of the costs of water supply and water pricing policies. Thus, water demand
forecasting should constitute a sequence of the following steps: (1) an
economic base study with forecasts of activity levels; (2) a preliminary

estimate of water demands using historical coefficients of water use; (3) pre-

% liminary water system design and costing; (4) determination of financial

]

i and pricing policies for the urban utility; (5) detailed forecasts of demands

r

‘ in the residential, commercial, industrial, and public sectors, based on [

F estimated demand functions and approximate water price structures.
This article discusses the economic base study and the detailed forecasts

of demands in the 4 water-use sectors in greater detail. The latter topic

o TR T R T

is based on the water demand functions developed by the Johns Hopkins

University Study.
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Howe, Charles W., and F. P. Linaweaver, Jr. "The Impact of Price and
Residential Water Demand and Its Relation tc System Design and Price

Structure." Water Resources Regearch 3, no. 1 (First Quarter 1967):

This article presents one of the most extensive and reliable cross-
sectioral studies of residential water demand, using data collected by the
Residential Water Use Research Project at Johns Hopkins University. The
authors analyzed 39 master-metered residential areas in the United Statcs.
Continuous recordings of wacer use were taken for 2-and 3-year periods during
the 1960s and ~Aggregated to hourly, daily, seasonal and annual figures. Indoor
and outdoor uses were separated, with the latter divided into eastern and
western regions of the nation.

Indoor demand was estimated using a linear equation with the following
independent variables: market value and the age of *he dwelling unit; number
of residents; average water pressure; a-:d the sum of water and sewer charges
that vary with water use, evaluated at the block rate applicable to the
average domestic use in each study area. The resulting price and inccme
elasticities were -0.231 and 0.219 respectively.

Outdoor use for sprinkling purposes was estimated using a log-linear
functional form with irrigable area per dwelling unit, summer potential
evapotranspiration, summer precipitation, and marginal price applicable to
average summer total rates of use, as explanatory variables. The results
showed a price elasticity of -1.12 for all metered areas and price elasticites
of -0.70 for the western region and -1.57 for the eastern region. Maxlimum
day sprinkling demand functions were developed for 3 types of residential
areas, i.e., metered with public sewer (east), metered with public sewer

(west), and flat ratewith public sewers. The maximum day demands were

&
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were found inelastic with respect to price in the west, but relatively

elastic in the ecast.

46. Huuhes, Trevor C., and Robert Gross. Domestic Water Demand in Utah.

Logan: Utah Water Research Laboratory, College of Enginecring, Utah

State University, May 1979. 61 vp.

The overall objective of this study was to develop Utalh residential water

demand functions for average month, peak month, and peak day per capita or

per connectior. water use. These dependent variables are defined using multiple
regression cross-sectional analysis performed on pumping records for 14 metered
supply systems of varying size. Price of water, outdoor use index, size of supply
system, and number of persons per connection «»re examined as explanatory var-
lables. The demand functions using price and outdoor use index (integer on 1 to
9 scale) and functions relating one type of demand to another are presented,
together with recommended design levels for the same time aurations. The design
levels were calculated by adding to expected values an increment which was
based upon standard deviation of the =ample.

The study also develops design criteria for the capacity of those water-
supply components which are related to very short term flows. This analysis
is based on flow measurements (l- to 5-minute-duration flow rates) during the
summers of 1977 and 1978 at master meters on three Utah systems. The results
were analyzed by a frequency analysis approach. It was found that instantaneous i
demand peaks which can be expected once in about 30 years in Utah are under 2 }

[

gpm per connection for lines serving 10 families, and 5 gpm per connection

for lines sexving 4 connections.




47.

35

This revort contains very uscful data for engincering design of water-
supply systems.  Deuand projections may suffer from difficulties with assigning
an appropriate outdoor water use for a given city, and also from the fact that

average price was used as independent variable.

Kim, Joc¢ R., and Richard H. McCuen. “Factors for Predicting Commercial

Water Use." Water Resources Bulletin 15, no. 4 (August 1979):1073-80.

Of interest in this article i1s the empirical analysis of urban commercial
water use. It is based on data from 64 suburban mall shops in the Washington
(D.C.) area. Water use, (in gallons per working day), for each shop was
provided by the Washington Suburban Sanitary Commission. Temporal variation
in water use is not considered, assuming that this use category is not
characterized by large daily and seasonal variation.

The results of a multiple correlation analysis and a principal com-
ponents analysis suggest the water consumption is a function of the following
primary factors: an employee water-use factor, a customer layout factor, and
a customer water facility factor. Gross shop area, number of average daily
employees, number of average daily man-hours, number of faucets, number of
mop sinks, number of toilets, and number of drinking fountains were rejected
due either to high intercorrelation or to low correlation with water use.

The following linear model was calibrated using a numerical optimization
technique:

Q = 15,5F + 0.0147A + 0.945L
where Q = number of gallons of water consumed per work day, F = the number
of drinking fountains, A = gross area in square feet, and L = the length

of the display window in feet. This relationship is characterized by a
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correlation coefficient of 0.883 and a standard error of estimate of 35.6 gpd.
Good presentation of data analysis techniques adds to the value of this

work.

Klimek, John C. “Forecasting Industrial Water Requirements in Manufacturing.”

Water Resources Bulletin 8, no. 3 (June 1972):561-70.

This paper presents the procedures used to obtain estimates of 1964 for
water withdrawals for ma.wfacturing and 1990 and 2000 requirements for the

Oswego River Basin of New York State, including counties and subareas of

10,000 or more population.
The following equation was used to develop estimates of daily manu-

facturing group withdrawal in each period of forecast:

F (I) = INT(A(I) x B(I) x D(I) x (W(I})-W(I) x P(I)) + (W(I) x P(I)/Q(I)))
where

F(I) = daily withdrawal by industry group

A(I) = base period employment

B(I) = employment change

D(I) = change in productivity by employee
W(I) = weighted intake per employee

P(I) = percentage of intake subject to reuse
Q(I) = weighted reuse rate.

Estimates of intake per employee, manufacturing activity, and water reuse
were developed through surveying a selected number (unspecified) of industrial
establishments in the region. The survey was designed to obtain information

on present and future water-use practices as well as information on existing

employment, present rate of operation and expectation in regard to employment,

cutput, and employee productivity trends.
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Larson, Brent O., and H. b. Hudson, Jr. "Rosidential Wator Use and Family

Income." Journal of the American Water Works Association 43, no. 7

(August 1951):603-11.

This paper presents an analysis of residential water use with respect
to income for 13 Tllinois communities based on pumpage and billing recorde.
The author has found that the residential per capita use was poorly corrclated
with the population of the community served, while a good correlation existed
between water usc and net effective buying income (averaged for cach

community).

McCuen, R. H., R. C. Sutherland, and J. R. Kim. "Forecasting Urban Water

Use: Commercial Establishments." Journal of the American Water Works

Association 67, no. 5 (May 1975):239-44.

This paper analyzes water-use data for 7 department stores and 140 mall
shops in 4 shopping centers located in Washington, D.C.; Greendale, Wis.;
and Baltimore, Md.

The authors have found that water consumption at shopping centers is
price inelastic and that the number of employeces per shift and the gross store
area are the best explanatory variables. Because of high intercorrelation
between them, the later variable was used to derive water-use model of the form:
W = i +sA, where i= the intercept coefficient in gallons per working day and

the slope coefficient exprecssed in gallons per working day per square foot

s
of gross area.

It is also concluded that the water-use relationship should be derived
based on a disaggregation level equivalent to the 4 digit Standard Industrial

Classification category.
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510 Maddaus, William 0., and Donald L. Feuerstein. "Lffect of Water Conservation
on Water Demands.™  Journal of the Water Resources Planning and

This article presents the study of municipal water use and alternative
supply for the 9-county San lI'rancisco Bay Area. The authors applied a "require-

ments'" forecasting model disaggregated by spatial location and user class.
Average annual water-use projections were developed for 440 zones within the

Bay Arca fecach zone is 1 or more census tracts, using 1975 as the baco year.) !

Water use in cach zone was related to 4 explanatory variables; namely,

population, housing density, employment, and the type of land use. Water uses
in 5 different categories--~(1) inside residential, (2) outside residential,
(3) commercial-industrial, (4) public authority, and (5) unaccounted for use--
were used as independent variables. The relationships between dwelling
unit density and inside residential water use (gpcd), or residential outside
unit water use (gpdud), and between employment density and commercial-irdustrial
unit use (gped) were first determined based on actual water-use data in 1975
obtained from the East Bay Municipal Utility District and applied for the 104
of the 440 zones. The obtained relationships were adjusted for cach of the
remaining 440 zones according to the actual water-use data from those areas.
These relationships are not treated statistically or expressed by mathematical
equations; however, graphed data points are indicative of very high correlation.
Public authority and unaccounted for water uses were determined as percentage
of appropriate subtotals.

The above relationships were assumed to hold in the future providing that
no conservation program is instituted. The water-use projection model considered
projected increases in population, dwelling units, employment, and developed

acreage in each of 440 zones during 5-year increments,
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Once the base projection was developed, appropriate modifications were
made to account Jor ecach of 2 water couservation plans, disaguregatod accordineg
to the same plan. As a result, the total water requirements in the year 2000
wore produced.  The basce requirements of 1,404 ngd was reduced to 1,281 mad
at a unit cost of conservation of 537 per 1 milliongallons (.98¢/m3) saved, and
to 1,245 mgd at a unit cost of $300 per 1 million qallons (7.“¢/m3). Thie
development of new water supply sources could provide up to 52° mgd of water at
an average unit cost of $208 pcer 1 million gallons (5.5¢/m§).

The major shortcoming of this study is the fact that the authors made
no effort to treat seasonal variation in water use and water supyply, and chey

do not mention the problem of reliability of supply.

Maidment, David R. "Annotated Bibliography on Water Demands." Water Supply

and Managenent 3 (1979) :117-29.

A brief introduction describes both the dependence of water-use forecascs
on accurate knowledge of the nature of water demands and the factors which
detcrmine them. Brief annotations are provided for 67 articles and technical
roports analyzing the uemand for water in municipalities, agriculture, and
industry. Thescarticles .nd reports represent the work of more than 100

authors in 15 countries.

Mitchell, Bruce, and Paul H. Heighton. "A Comparison of Multivariate and

Trend Forecasting bEstimates with Actual Water Use." Water Resources

Bulletin 13, no. 4 (August 1977):817-24.

This paper presents a disaggregated requirements approach to water

demand forecasting for a proposed 427-acre subdivision of Barrie, Ont. The
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estimation is based on number of housing units, number of different housing
types, lot size, and population size. Average water requirements for particular
uses were cstimated at a very high level of detail, including a small-sclae
survey cf water-use behavior and analysis of actual water use for given purposes.
According to the results presented by the authors, conventional trend

extrapolation was sufficiently accurate for this small area.

Morgan, W. Douglas, and Jonathan C. Smolen. "Climatic Indicators in the

Estimation of Municipal Water Demand."” Water Resources Bulletin 12,

no. 3, (June 1976):511-18.

The purpcse of this paper was to determine the regression estimator most
representative of climatic variation in one common data set of monthly aggregated
municipal water use for 33 cities in southern California. A total of 396
cross-sectional observations of average price and income for each water district
in 1970 were analyzed. Three alternative climatic indicators werc tested:

(1) temperature and precipitation, {(2) potential ~vapotranspiration minus
precipitation, and (3) monthly binary seasonal vari.ules.

The results of the analysis have shown that both the first and the
second models perform much better than the model using seasonal binary
variables. 1In terms of economic responses, the study confirmed that the
price elasticity of seasonal water use is higher than other municipal water

demand elasticities.
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| 55. Morris, John R., and Clive V. Joncs. Water for Denver: An Analysis of

{ the Altcernatives.  Environmental Defense Fund, Inc., 1980. 159 pp. :

This report contains the results of the Denver Water Conservation Study
performed by the University of Colorado, Denver. The study is bascd on
questionnalre data from bill ind tax assessment of 889 single-family res-
idential customers scrved by 14 water districts in the Denver metropolitan 3
arca. Information was collected on over 100 variables for the base yeoar

1976.

Two econometric demand models were developed.  The first model devel-

oped for 384 houscholds (excluding housicholds from flat-rate districts) is:

© = 68.7 - .96 PKICE + .43 INCOME + .59 LSPACE
(2.1) (-2.3) (3.7) (2.8) (t-statistic)

where

Q = average annual household water consumption (thousands

of gallons)

INCOME = average family income (hundreds of dollars)

{SBACE = average residential lot size (hundreds of square feet)

PRICE = price given in ¢/1,000 gallons determined in each district as the
cost charaged for the final 1,000 gallons consumed cach billina
period during the irrigation scason.

.. . . . 2 . .
The coefficient of variation for the cquation, R™ 1s0.65, and U

statistic 10.55 with 17 degrees of freedom indicated that independent
variables of the equation are related to Q with a probability exceodrine oy,

A sccond model was specified based on data for ecach individual

houschold within the sample of metered single family residences.  This

model included 11 explanatory variables.




Further information on the structure of demand is provided hy 2
additional regressions estimating indoor and outdoor uses specified on a
sample of distrvict wide averages. In these estimations price variable was
found virtually insignificant for indoor consumption and significant for

outdoor use {(clasticity equaled -0.73).

National Water Commission. "Porecast and the Role of Alternative Futures."

Journal of the Water Resources FPlanning and Management Division of

ASCE 102, no. WR2 (November 1976):365-83.

This staff paper contains a general discussion of forecasting future use
and supply of water on the nationwide scale. A review of previous water resource
forecasts by the Kerr Commission, the Water Resources Council, and the USGS 1is
presented. Those forecasts have gencrated widely ranging figures depending
on the underlying assumptions.

According to the existing need for forecasts useful in policy making,
the commission has rejected a single "most likely" forecast in favor of
separate "alternative futures.” This concept recognizes that the amount of
water used as well as supply availability is dependent upon policies adopted,
future sociveconomic phenomena, ctc.

The procedure proposed in this article involves 2 steps. First, 3 to
5 "alternative futures" are developed, each of which is described by the set
of assumptions enc mpassing population growth and distribution, food and
fiber production, income distribution, national economic cfficicency, life-
style changes, and various means of developing, using, and conserving water
resources. In the second step, forecasts of water use for each future are made.
This forecasting approach was expected to provide the commission with a tool

for making sensitivity tests of a variety of ascunotions.
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57. Primeaux, Walter J., and Kenneth W. Hollman. "Factors Affecting Residential

Water Coasumption: The Managerial Viewpoint." Water and Sewage Works

(1974) :R138-44.

This article presents the analysis of residential houschold wator usc
based on cross-sectional data obtained through surveying 402 cingle-family
households distributed evenly among cach of 14 Mississippi cities 1o 1971, The
price charved per gallon and the monthly consumpt ion per cach household were
obtained from municipal water meter records in cach city.

The household water demand model utilizes 13 independent variables.

These are number of persons, number of bathrooms, dishwashers, washing machines,
existence of swimming pool, irrigable areas, market value of residence, average
maximum temperaﬁure, annual precipitation, education, age of head of household,
race, and price. The latest variable is taken as the pricce of 1,000 gallons

of water at the mean level of consumption in each municipality.

The authors obtained a R? of 0.56 for a linear equation when all variables
were included; withdrawing the variables of race and age had no significant
effect on R%. The demand model utilizing only 3 independent variables (number

of residents, market value, and price) explained 47% of the variance independent

variable.

58. Recs, Judith A. 1Industrial Demand for Water: A Study of South East

England. london School of lconomics and Political Science. London:

Weidenfeld and Nicolson, 1969. 194 pp.

This book contains an analysis of industrial water use in South
East England based on a questionnaire survey of a random sample of 253 man-

ufacturers in the area administered during the spring and summer of 1966.




The author has analyzed the uses to which manufacturing industry puts
water, the sources from which the demand for water 1s satisfied, the factors
which determine the quantity of water taken by firms in the various
industry groups, and algo the effect of water availability on indastrial
location. The results of this analysis were used to analvze possible future
trends in industrial demands for water.

The following table summarizes the author's findings concerning estimates
of the minimum water requirements of firms (only water purchased from thne water

supply industry) in various industry groups:

Best-fit

explanatory Level of 5
Industry cquation Explanatory variable(s) cxplanation (R7)
Chemicals Q2 = a+bT tonage of raw materials 97, 3%
Food 0% = a+bT  as above 86, 7%
Metal and metal :
products Q7 = a+bE? number of persons employed PISIRYAR
Other (leather « Q2 = a+bk number of persons employed B7.00

fur clothing a
textiles timber &
furniture, printing)
Lower levels of explanation forexplanatory equations for purchased water were
found for
a) drink industry, Q = a+b log Py, R? = 36.3%, P = price paid for
gallons for metered supplies of water
b) plastics and rubber, Q2 = a+bE+eT, R = 41.5%
¢) paper and products, log Q = atb log P + ¢ log QA, RT = 55.3%
P = price paid for all purchased suppliecs per 1,000 gallons
OA = quantity of water privately abstracted by firms
d) nonmetallic minerals, O = a+bl, R2 = 67.2%

¢) engincering (precision plus mechanicals), log O = a+b 1ng P + <

loy QA, R% = 44.1%.
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The author has found that over the past 10 years manufacturces in the
Study area bave expanded thelr water usaae by approximately 20 agnnually,

Lut many plant manaygers expected this rate to decreasce down to 0.5 daring
the next 1o vears,  she alzo concludes that lTittle evidence exists to suggest

tinat the availability of water facilitics will incrcase in importance in the

locational decision of thivms,

ke ld, Georage W. "Multistructured Municipal Water Demand Model.™  Water
Resources _B_l}llofirl 7, no. & (Decembor 1971) 112 38-45.
of this

The theoretical forecasting approach proposced by the author
article 1s based on the application of cconometric techniques which would
predict the values of explanatory variables reguired by any demand requirement

model. The model is composed of economic, population, reconciliation, and

life~style submodels and it is goal oricnted. The forccasting process bewins

with the determination of “people needs" which, in turn, are placed in the

context of the management of critical resources for beneficial usc.
and

The author admits that the model is determinative in some aspoects

probabilistic or stochastic in others. This must be so, it is statced, sinee

the accuracy of water demand forecast cannot be better than the present

predicting power of macroeconomic theory. There is hope that new computey

capabilities and econometric technigues will significantly improve in the
near future.
theoretical considerations which may con-

This article contains valuable

tribute to general forecasting techniques.




oU. Roberte, Wo 0o, S0 ¢l Cuallany, and N.ib, Towe v, "Forccasting viarcr bopand:

and system Capabitities."  Journal of the Sanitary Enginecr i Division

Qo '\b\} 36, po. 3AOG (Decembiey 19700 11 349-60D0.

This study contains an empirical arvalysis of municijal wate r requirements,
aindl projections of demands and deficits for the years 1920 Snd 20200 for 1,200
Itlhinols community water supplics.  The projections arc bascd wrimarily on
population estimates furnished by Tllinois government. isascd on the oxam-—
ination of water pumpage data the authors have developed romagrams that permit
casy determination of future water use (including determination of avieracs

daily and maximum daily pumpage).

Hl. Romm, Jerri K. "Water Supply, Land Use, and Urbhan Growth” Journal of the
|
L Water Resources Management Division of ASCE 103, no. WKk2 (November
F 1977):271-84.

The gencral thesis of this article is that land-use proiections are more
reliable than population projections for the determination of {uture water

requirements.  This approach is adopted to water-supply planning by the Santa

Clara Valley VWater District in California. It is suggested that the analysis of
residential, industrial, and agricultural land-use combinations possible with

available water supply be first performed, and next, a sct of community goals t

be established to best fit available supply. !

Although the above implies that water supply is the primary determinant i

l

of growth, a highly controversial proposition, the program designed by the ”
district to project future water use scems to be of real value. It projects

spatial distribution of annual water demand for a 25-year period in Santa Clara

Valley County. The forecasting process consists of 2 components: (1) taking
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stock of all anticipated land-use changes for cach vear to the year 000,
based on parcel-=by-parcel inventory by water scorvice arca, and (2) aussecssmoent
of unit water uses associated with cach new land use.  There are 13 categorios
of possible land nse with further disavgregation of residentisl nse into 5
density classcs. The model uses a density-consumption relationstiiy. for
residential water-use projectlons amnd Watdor use wer cmploycee in the ~ase of
commercial consumption. Acricultural use is projected on the basie of water
use pey acre for individual crops.

The article does not contain any of the  functional forms or coefficients
of the proposced model. These dara are reported to be included in “Master Plan:
fxpansion of In-County wWater Listribution System" prepared by the district in

the December of 1975,

Schaake, John C., Jr., and David C. Major. '"Model for Estimating Regional

Water Needs." Water Resources Research 8, no. 3 (June 1972):755-59.

This arti:cle describes, (in general terms), a Fortran IV computer program
used for estimating future demands or requirements for water in the 50 subbasins ‘
of the Horth Atlantic Region of the United States. The water flow requirements
{(water demands) are disintegrated by geographic area, cconomic scctor, and water
quality type. There are also 9 categories of water use, including totals and
some intentionally overlapping classes. The model utilizes projections of
regional product, population, personal inceme, and water withdrawal coefficients
within each region, and it produces estimates, by bhench mark yvears, of water
demands disaggreqgated by the above categories. y
One of the 6 subroutines of the program generates estimate: of future
mmicipal and industrial watcer demands based on population served and per carita

income for cach subbasin. It uses a regression equation derived frecs ot -




serles analysis of the data for Connecticat . bxplanatory variables are
population served and per capita income (the measure:s of these variableo are
not specified).

Anotier subrodtine estimates fature total gross water ucse by oconomic

sector through multiplyving the dellar gross outrput cstimates by the approjriate
water-use coefficients.  The dollar output is derived from an input-outiur
table for the NAR.

A detailled description of the model and data requirements can be found
In appendix T of the United States Army Corps of Engineccors Horth Atlantic

Region Study Report.

Sewell, W. R. Derrick, and Leonard Boueche. "pPeak Load Pricinag and trban

Water Management: Victoria, B. C., A Case Study." Natural Resources

Journal 14, no. 2 (July 1974): 384-40Q.

This article presents a brief discussion of the theory of marainal cest
pricing which is next applied to peak load pricinag in municipal watoer supply.
The authors illustrate these pricing rules based on a simulation proaram developed
for the Great Victoria Water District, Victoria, B.C. Prior to this, they develop
separat - demand functions for average annual, peak (June-Auqust), off-pecak, and
mid-peak (May and Septembcr) water uses. Prices, income, average summer temper-
ature, and average summer rainfall are used as independent variables. Mid-peak
and peak prices for water were obtained by allocating the capacity costs between
mid-peak and a peak period according to their relative contribution to the total
period (30% for mid-pcak and 70% for peak demand).

The demand model is defined quantitatively on time-series data for the
years 1954-70. The results show that the demand for water for residential

purposes is moderately inelastic (clasticities from -.318 to ~.5068) when

considered on an overall annual basis. The simulation analysis showed that the
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application of scaronal prices over the period 1467-70 would stimalate a
reduction in peak demands ranging from -7.3 to =504 percent, and inoarn e
increase in of f-peak demand.

The article also contains a summary review of 12 urban water demand

studies carried cut before 1974,

Sonnen, Michael B., and Donuld E. bBvenson.  "Demand Projections Considering
Conservation." Water Resources Bulletin 15, no. 2 (April 1979):447-60,
This article describes a water demand model which is disagyregated to 40
land-use categories in any of 35 census tracts in each of 10 larger areas of 1
the Island of Oahu, Hawaiil. The model was developed by Water Resourcoes :
Engincers, Inc., for the United States Army Corps of Enainecrs, Pacific Occan
Division, in 1977. f
The model calculates a total average monthly water use using the following
functional form:
D = [UI X WR x UF x (1-CI) + 27,152.4(U0-C) x A X EA x (I-CO)]
+OP+E (PR~0D
PRYOPHE (PR=OP) | ¢\
PR+OP~E (PR-OF)
where UI = the number of units using water In a given land-use catecory (homes,

people, 1,000s of square feet, hotel rooms, or acres), HF - the average use rate
(gpd per dwelling unit), WR = seasonality factor for indoor usaqe (ratio of water
use in each month to water use in average month), CI = anticipated averaac

annual indoor conservation fraction in future ycar. In the second part of the
equation describing ocutdoor use, the cxpression (U0-G) measures monthly
requirement for irrigation water in inches (total requirement minus preci-
pitation) in each month, A = the gross area in acres, EA = the fraction of

irrigable acreage, and CO = the outdoor conservation percentage in future




vears.  The third expression; takes account of price effect on water use,

where PR - current price of water, OP = an older price of water, in a
previous year in the stimulated prediction period, and B = the elasticity of
demand with respect to price. Finally, the last expression oxcludes the
fraction of total water demanded that 1s supplied locally.
Although this model seems to be straightfoward, it requires an unusually
large amount of data, including price elasticities for cach land-use category.
The authors admit the difficulty and argue that choosing the numrrical conser-
vation target to be achiceved 15 more meaningful and yields more predictable !

results than price or price elasticity manipulations.

65. Sonnen, Michael B., and Donald E. Evenson. A ‘lodel for Estimating Water

Demands. Walnut Creek, Calif.: Watsr Fecources Engineers, Inc.,

May 1977. 52 pp.

This report describes an application of computer program developed by
Water Resources Engineers, Inc., for predicting urban and aaricultural water
demands. The model is based on a number of usage. geographic, weather and
economic variables. It is described in greater detail in the publication

"Demand Projections Considering Conservation'" (Water Resources Bulletin

15, no. 2 (April 1979)).

This publication contains an actual computer output of the program when
applied to forecast water demand for the Kancohe Bay (Hawail) area. Based
on population and land-usec information for the base year 1976 and the projected
values of thesc variables for the year 2000, water demands for these 2 ycars and
for 5 intervening years (1978, 1980, 1985, 1990, and 1995) werec calculated.

Water demands for each month by land-use category for the years 1976 and 2000

in 3 sectors of the Kaneohe Bay were also calculated.




The authors have also performed simple sensitivity analyses of the basic
demand function by differentiating it with respect to cdach variable and showing
how to convert the results to the units ot percentage change in total demand

for Lo chunage in the vatue of cach input variable.

vl Sterling, MO0 H., and DL J. Antcliffe. "A Technigue for the Prediction of

Water Demand from Past Consumption Data." Journal of the Institution

“f,WQfY'WFUSiUf“(E 28, no. 8 (November 1974):413-20).

This artivle presents a mathematical description of time-series data on
water consumbtion; utilizing 1t to predict the average monthly consumption of
water it a mixed rural and industrial water~use area. Actual consumption
data, used to tllustrate the methodology, consist of total daily water consumption
averaged over cach month from 1963~1968. The authors applied both linear
regression analysis and spectral expansion by orthogonal functions as prediction
methods. (The latter estimator is capable of following scasonal variation
in water use).

Comparison of projected and actual total water-use patterns by month in
1968, based on the 1963-67 data, revealed a mean error of .09 {averaged over
12 months with a maximum of 3.3%) for 1 month ahead rising to approximately

t1.8% for 12 months ahead.

J 67. Stevens, Thomas H., and Robert J. Kalter. "Forecasting Industrial Water

Utilization in the Petroleum Refining Sector: An Overview." Water

Resources Bulletin 11, no. 1 (February 1975):155-63.

In this paper various factors affecting water use in the petrolcum

refining industry are investigated. Included among these are the price of
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water, environmental quality legislation, and technological factors. These
factors are also used to determine thelr impact on water recirculation within
the industry.

Based on these analyses, 2 alternative water utilization forecasts for
the domestic petroleum refining sector are developed for the vears 1980 and
1985. The first forecast assumed that average water withdrawals per barrel
of crude oil will remain at the current level of 378 gallons per barrel. The
second alternative assumed that cooling towers are utilized by all refineries,
with a 95 recirculation ratio, reducing water use to only 88 gallons per

barrel ot crude.

Tate, Donald M. Water Demand Forecasting in A Regional Context: heory

and Practice. Canada: Department of Fisheries and the Environment,

Inland Water Directorate, Water Planning and Management Branch, 1977(7?).

This paper discusses a case study of the Great Lakes as an example of
water demand forecasting in regional context.

Water-use forecasts for the 42 counties in the area are based on a per
capita requirements approach, using a previous survey of municipal water use
to calculate the coefficients of water withdrawal per capita for individual
municipalities. The domestic and commercial water withdrawals were computed
separately. Losses were estimated at 10% of domestic plus commercial and
institutional withdrawals. Consumptive use was taken at 15% of withdrawal.

The author demonstrates the difficultics in obtaining all input data
required by more sophisticatec« forecasting techniques; he also cmphasizes
the role of assumptions concerning cconomic activity and technology of water

use.




69. Tate, Donald M. Watcr Use and Demand Forccasting in Cunada: A Revicw.

Ottawa, Canaida: Department of Fisheries and the Environment,

Inland Water Directorate, 1977.

This paper reviews the state of the art of watcr demand forecasting and
water-use studies in Canada. The author provides an outline of the concepts
in forecasting which include (1) the alternative futures framework, (2) the
spatial disaggregation of forecasts, and (3) the uscfulness of the system
approach to the subject. Some gencral points concerning these procedures, such
as the need for practicality in formulating new methods, the role of water
pricing, cconomic interrelationships, and the role of technological change,
arc also considered.

The review of several water management projects in Canada has shown that
the most frequent approach was based on per capita water-use coefficients
(requlrements approach). The use of input-output methods or the altcrnative
futurcs approach has been attempted; however, these methods are not widely
acceptoed.

The author concludes that the newest approach being taken to water
demand forecasting in Canada is based on systems analysis. It analyzes basic
data on population and industrial production under alternative growth assump-
tions and disaggregates these data to river basins and further to local regions.
Next, these data are used as inputs to detailed sector-by-sector forecasts
at the local level including municipal, industrial (manufacturing, mining,
agriculture, energy generation, and navigation), and recreational water demands.

The last part of the paper outlines models proposed for general use in
Canada. Municipal water demand for all Canadian municipalities over 1,000
persons is to be analyzed by separate consideration of residential, commercial,

industrial, and institutional sectors. Municipalities under 1,000 persons




\ e e e ——

70.

54

are to be dealt with using coefficients of total water pumped per capita.
Inputs to the individual community models will be derived from the populacion/
agricu! rure component of the national/regional model and other data reanired
only for the munjcipal mode.

The extensive analysis of water demand tforecasting in this paper was
dictated by the fact that it was prepared os part of a multicountry review of

this subject by the International Institute for Applied Systems Analysis.

Thompson, A. G., V. E. Smith, and W. R. Colvin. Dcvelopment of Commercial

Institutional Parameter Units for the Main II System of Water Demand

Forecasting. Laramie: Water Resources Research Institute, University

of Wyoming, November 1976. PB 263 493. 55 pp.

The primary objective of this report was to provide a method of estimating
commercial/institutional parameters for the MAIN IT (Municipal And Industrial
Needs) water forecasting computer model where data are not available. This
modification was based on data collected from 20 cities west of the Mississippi
River ranging in size from 2,500 to 300,000 in population. Data on commercial/
institutional water use included 28 categories and their associated parameter
units.

The authors incorporated a subroutine in the MAIN II model which
estimates missing data on commercial/institutional values using lincar relation-
ships between population and category paramcter units. The meodificd program
was applied to three test cities (Billings, Mont.; Twin Falls, Tdaho; and

Kimball, Nebr.), and it gavs estimatesof 1975 water use within 10% of the

actual usage.
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Thompson, R. G., M. L. Hyatt, J. W. McFarland, and H. P. Young. Forecasting
Water Demands. Arlington Va.: National Water Commission, November

1971. PB 206 491. 377 pp.

This report describes models for forecasting water demands for agriculture,
steam-electric power generation, petroleum refining, and residential use.
Emphasis is on rationale and technology of forecasting rather than on absolute
numerical values. The report shows how forecasts vary according to the
directions that may be taken by policy, technology, population, the economy,
and other basic variables. These different possible directions are termed
"alternative futures."

Through use of a model developed by Wollman and Bonem alternative national
forecasts of withdrawalé and losses of water in agriculture, mining, manufacturing,
power plant cooling, and municipal purposes, as well as use of water for waste

disposal, are presented for the year 1980, 2000, and 2020.

Thompson, Russell G., and H. Peyton Young. "Forecasting Water Use for Policy

Making: A Review." Water Resources Research 9, no. 4 (August 1973):

792-99.

This article presents a linear method of approximating derived demand
functions for water in agricultural and industrial production. The authors
review the basis for estimating withdrawal, consumptive, and disposal demand
functions which relate water use to its price and to prices of all other
inputs. Demand functions are sighted from other studies which indicate that,
for example, withdrawals by clectric generating stations for once-through cooling

would be lowered 98% if a price of 0.5¢/1,000 gallons were imposed. This use

accounts for nearly 25% of all freshwater withdrawals in the U.S.

4
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Two important applications of these demand functions are (1) alternative
projections of water use, and (2) a basis for evaluting proposed investments
in water resource development which should be justified by the economical

value of the water provided.

73. Turnovsky, Stephen J. "The Demand for Water: Some Emprirical Evidence
on Consumers Response to a Commodity Uncertain in Supply.” Water

Resources Research 5, no. 2 (April 1969):350-361.

This paper estimates some demand functions for domestic and industrial
water based on cross-sectional data from 19 Massachusetts towns for the
years 1962 and 1965. These years mark the beginning and the end respectively
of the 1960s New England drought. The author attempted to take account of
the uncertainty of water supply present during the drought period.

It was found that per capita domestic consumption (actual and planned)
was significantly dependent on price (elasticities from -0.049 to -0.406),
average housing space in a town, and supply uncertainty as measured by supply
variance. For industrial demand only price and "uncertainty” were significant

(price elasticities: -0.473 to 0-839).

74. United Nations. The Demand for Water: Procedures and Methodologies for

Projecting Water Demands in the Context of Regional and National Planning

New York: Department of Economics and Social Affairs, United Nations,

1976. 240 pp.

This report was prepared by an Ad Hoc Group of Experts on Water Requirements
Forecasting convened to suggest principles and approaches by which current prac-
tices of projecting the demands for water could be advanced to meet more closely

the increasing need for efficient use and protection of the available fresh-
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water resources.
The following are the scope and objectives of the report: (1) to outline 4

the conceptual and procedural frameworks for water demand forcecasting, (2) to

review basic methodologi:al approaches and techniques applicable for fore-

casting the various categories of water demands, (3) to review and disseminate

indicative data on specific water uses and demands to facilitate tentative

projections, and (4) to assist national and regional Governments in cstablishing

institutional frameworks and the data base for projecting the demands for water.
The major conclusion of this analysis relates to the role of projections

in policy formulation. It recommends that the basic aim of projections should

be to outline the consequences of various assumed development patterns and
alternative policies ratner than to predict or predetermine a single most

likely or most desirable course for the future.

75. United Nations Conference Secretariat. "Resources and Needs: Assessment

of the World Water Situation.” 1In Water Supply and Management 1, pp. 273~

311.

- e ———

This publication contains an overview of the world water situation
including assessment of freshwater supplies, assessment of water use and
demand, and discussion of demand/supply relationships.

Under the demand section, the report summarizes what is known about

total water uses for several components of demand and evaluates the applica-

bility of this knowledge for assessing global water demand.
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Weeks, C. R. and T. A. McMahon, "Urban Water Use in Australia,” Civil Engineering

Transactions Australia: The Institution of Engineers (1974): 58-66,

This paper presents results of a survey of urban water use in Australia,
based on data collected during the late 1960s. Factors influencing per capita
municipal use are examined, including population size, presence of metering,
water quality, and climate. Forecasts are prepared for 11 Australian cities
using a simple trend extrapolation approach. Monthly water use is forecast from
multi-variate regression models which include monthly rainfall, mean maximum
monthly temperature, number of raindays, and pan evaporation as explanatory
factors.

An investigation of household water use is reported, based on data
collected for five small study areas in Victoria. Per capita use is expressed
as a function of number of persons per housing unit, and both seasonal varia-
tions and peak day use levels are investigated. A survey of water use by major
industrial firms in Melbourne is alsc reported. Water use coefficients, based
on units of production, are calculated for 29 industrial categories. Australian
results are contrasted to corresponding data reported for the United States

and the United Kingdoﬁ.

Whitford, Peter W. Forecasting Demand for Urban Water. Stanford, Calif.:

Stanford University Report EEP-36, September 1970. 221 pp.

The author's purpose is to develop and demonstrate a model for fore-
casting residential water use. The model incorporates an uncertainty factor

that takes account of various future water management policies that could

be adopted. Four case studies (Baltimore, Kansas City, Phoenix, and Seattle}

are used to illustrate the model application in forecasting water use in

the year 2000.
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The reported alternative forecasts of future water use result from
various assumptions concerning the outcomes of the following six factors
that may affect water use: (1) regulations cn the water usce of appliances;

(2) the tvpe of pricing wvolicy that is adopted; (3) policy on public educa-
tion (water conservatinon); (4) the housing patterns in the future; (5) the

cost of supply; and (6)changes in the technology of use. Two or 3 outcomes

arc considered for cach of these factors, and probabilities of occurrence are
subjectively assigned to ecach outcome, allowing a probability distribution of

a given future water use to be drawn. This is done by multiplying conditional
probabilities assigned to each policy outcome and ascribing it to an appropriate
level of water use.

For each case study the cumulative probability distribution curves describe
the probability of any given per capita water demand in the year 2000. A "base"
line estimate is determined by such water utility data as population served, the
average annual and seasonal consumption of water (disaggregated into residential,

commercial, industrial, and other), and the water rates.

whitford, Peter W. "Residential Water Demand Forecasting." Water Resources

Research 8, no. 4 (August 1972) :829-39,

This article provides an excellent discussion of the water demand fore-
casting problem, and it describes a methodology for forecasting urban residential
water use which incorporates the development of “"alternative futures." The
"futures" are projected based on the 2 or 3 outcomes of each of the following
factors that may influence future water use: (1) regulations on the water use
by appliances, (2) types of policy pricing adapmted, (3) policy on public

education (4) future housing patterns, (5) cost of supply, and (6) changes in

the technology of use. Thus, the forecasting method incorporates potential

dla.




79.

60

water conscervation programs into ostimatos,

It should be noted that the authory is primarily concerned with factors or
variables which are not significant or which do not oxist at jore wort. The
proposed model may be treated as a tool for generating a probabilaty distrvibut ion
of the future water demand, once a singlo-pumber basce line forecast s tound
by using standard methods.

The proposed model i1s demonstrated by forecasting watcer demand for the
cities of Phoenix and Baltimore for the year 2000. Data on present
water use, obtained from water utilities, included such items as population
served, the average annual and seasonal consumption of water (disagqgrogated
into residential, commercial, industrial, public and other), and thc¢ water
rates. The base line estimate for Baltimore was obtained by projecting tii
1985 forecast of Hittman Associates (using MAIN II system) to the ycar 2009,
The base line forecast for Phoenix was estimated by compariung the rate of
growth of per capita residential demand with that of Baltimore.

Whitford's model should prove very useful for policy making purposes

since it incorporates the concept of alternative futures.

Willsie, Roger H.. and Harry L. Pratt. "Water Use Relationships and Projection *
Corresponding with Regional Growth, Seattle Region." Water Resources
Bulletin 10, no. 2 (April 1974):360-71.

This article briefly outlines both the methods used and the results
obtained in a study of water-use relationships and future demand for water

for the Seattle region. Water-use andalysis is based on billing information

which was disaggregated into 6 customer c¢lasses (single-tamily residential,

multifamily residential, industrial, commercial, public, and miscellancous)

and 14 water-use subdivisions. Only residential water usce was analyzoed

e
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intensively.
A cross-sectional regression analysis of residential water use was por-
formed for the 1972 time period, using water use per person by type of residence

and by season as dependent variables for each subdivision. The i1ndependent

variables were average income per person per year for each water-use area

and average lot size per person (for single-~family residences’ . Only the
single-family regressions were found statistically significant. TIncome
clasticity was estimated to be approximately equal to 1. Use of water by

multifamily residents was found to be unresponsive to changes in income.

Industrial and commercial water billing information was compared with
employment to yield the coefficients of water use per cmployee. Public and
miscellaneous categories were identified with residual water use (23%) and
assumed to be in the same proportion in the future.

Time-series analysis of total annual water consumption in Seattle for
the years 1950-72 was also performed, using population, summer temperatures, and
summer precipitation as explanatory variables.

Based on the results of these water~use analyses together with projected
future levels of population, employment, income, and lot size, future disaggre-
gated water demands were estimated through the year 2000. Water demands were

also estimated under alternative regional growth assumptions.

80. Wolff, Jerome B., F. P. Linaweaver, Jr., and John C. Geyer, Commercial Water
Use, Technical Memorandum No. 27, New York: ASCE Urban Water Resources F
Research Program, American Society of Civil Engineers: 67 pp. (reprint
of 1966 report by Dept. of Environmental Enginecring Science, The Johns

Hopkins University)

This report presents the results of an intensive study of water use

for 186 commercial and institutional establishments in the Baltimore (Maryland)
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merropolitan arca. Water use data woere obttalned frorm gaartordsy vt vty
from more frecpient cpesclal o readinae., and from e corder s sttached te wator moter
Data wovre collested for variows periods T Ivd snd 198,00 Borh averade wWater
use love s and pean e tate s wore vt raated, dnolading the doevelopment
of water use hporocrapbs Tor colected cetablichment o
A maior contribution or thils crady 1o the dowelopment of anit o use cocf -
clents suitable for csrimat ing average day water use for 18 categorics of commer.
ctal and institurional users, ranglog from primaery and seoondarv :srhools to
department stores.  In cach casc, waroer use 1s expressed as oa function of some
appropriate parametor, such as number of students in the case of schools, or
square feet of sales area in the case of department stores.  Cocfficlents are
also presented for maximum day watcer use and peak hour water use (on a non-

coincident basis) for ecach category.

Wong, S. T. "A Model on Municipal Water Demand: A Case Study on Northeastern

Illinois. Egug Economics 48, no. 1 (February 1972):34-44.

This article presents regressions of municipal residential water con-
sumption on price, income, and average summer temperature for Chicago and
outside communiticvs. The analysis is performed on data obtained from the
Department of Water and Sewcers, City of Chicago, and other local agencies.
The data characteristics are not discussed in detail.

The results of time-series regressions (1951-01) on the Chicago area
showed partial R's of income and average summer temperature of 0.74 and
0.77 respectively. Price was found insignificant (clasticity -0.02) for
Chicago, whereas, it was significant at the 5% lcevel for the outside commun-
ities (elasticity -0.28). For those communities, average summer temperature

had the most significant effect. The suthor suggests that a partial flat-
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rate pricing policy and otherwise very low price of water woere responsibleo
for the insignificant effect of price on water use in Chicago. A log-

lincar functional form was used.

Four cross=-sectional regressions of residential per capite waicer use on
price and i1ncome were performed for 103 communitics (stratified into 4
community site groups), giving price ¢lasticities ranging from -7.82 to =9.2¢
and income elasticities of €.48 and 1.03. These values are comparcd witit the

results of 17 previous studies of these variables.

82. Yamauchi, Hiroshi, and Wen-yuan Huang. "Alternative Models for Estimating
the Time Series Components of Water Consumption Data." Wator 1

Resources Bulletin 13, no. 3 (June 1977):599-610.

The authors of this article demonstrate the application of various

statistical techniques to the analysis of water consumption data. The step-

wise regression method was applied to 187 data points (January 1960 to July

1975) representing average daily water consumption within the service area

of the Honolulu Board of Water Surply. ‘
The authors use both additive and multiplicative models to analvze the

trend, cyclical, seasonal, and irregular components of the aggregated demand. )

83. Yarborough, Keith A. "Analysis of Seasonal Water Consumption in Danvillce, £

I111." Journal of the American Water Works Assggiggjgn 48, no. 5

(May 1956):479-84.

The author's purpose was to determine seasonal water consumption in

Danville based on house meter records for the summer quarter (Junc 15-

September 15) and winter quartcr (December 15~March 15) for the period 1950-55.
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Althouagh the conclusions of this study are very gencral, it is import ant
to note that the author attempted to take account of potentially important

variables explaining water use. C(limatological factors (or weather conditions)

and assessed-property evaluation are considered for cach of 5 water-use zones.
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